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1607-551X/Copyright ª 2015, KaohsiuAbstract Upper airway cough syndrome (UACS), previously referred to as postnasal drip syn-
drome, is one of the most common causes of chronic cough. However, the pathogenesis of
UACS/postnasal drip syndrome remains unclear, and physicians in countries throughout the
world have different definitions and ways of treating this disease. The various proposed path-
ogeneses of UACS include the early postnasal drip theory, subsequent chronic airway inflamma-
tion theory, and a recent sensory neural hypersensitivity theory. Additionally, some
researchers suggest that UACS is a clinical phenotype of cough hypersensitivity syndrome.
While the general principles involved in treating UACS are similar throughout the world, the
specific details of treatment differ. This review summarizes the various definitions, pathogenic
mechanisms, treatments, and other aspects of UACS, to aid clinicians in expanding their knowl-
edge of how to diagnose and treat this syndrome.
Copyright ª 2015, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.Introduction
In 2006, the American College of Chest Physicians (ACCP)
defined upper airway cough syndrome (UACS), previously
referred to as postnasal drip syndrome (PNDS), as one of
several critical pathogeneses of chronic cough [1,2]. In
UACS patients, cough can be caused by a variety of upper
respiratory disorders, including nasal and sinus diseases [3].clare no conflicts of interest.
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ng Medical University. Published bIt can also result from anatomic abnormalities and physi-
cally or chemically-induced rhinitis, as well as pharyngeal
diseases [4e6]. UACS/PNDS is the most common cause of
chronic cough in the USA, and accounts for 24e52% of
chronic coughs secondary to cough-variant asthma in China
[2,7].
Although chronic cough can be effectively controlled in
some patients, problems such as cough recurrence after
drug withdrawal continue to occur. Additionally, UACS/
PNDS is difficult to diagnose and treat because it often co-
exists with other disorders that contribute to chronic cough
[8]. Finally, chronic cough can seriously affect a patient’s
quality of life, and even cause depressive symptoms [9].
Although UACS/PNDS has been proposed as a specific
syndrome for > 100 years and become a severe clinicaly Elsevier Taiwan LLC. All rights reserved.
Figure 1. Relationships among upper airway cough syndrome
(UACS), atopic cough (AC), and sinobronchial syndrome (SBS).
224 L. Yu et al.problem, knowledge concerning its pathogenesis and man-
agement has remained inconsistent across different coun-
tries. This review summarizes the various aspects of UACS/
PNDS.
Concepts
PNDS was first mentioned by Frank in 1794, and later proved
to be a common cause of chronic cough by Irwin et al [10] in
the 1980s. Until recently, UACS has been regarded as a
clinical diagnosis not supported by using specific objective
methods of examination. In most cases, UACS has been
diagnosed based on its clinical symptoms and the patient’s
response to treatment with an H1 receptor antagonist.
Some researchers support the still controversial idea of
“silent PNDS”, which stipulates that PNDS/UACS can be
diagnosed when a cough is relieved with an H1 receptor
antagonist, even without the presence of relevant clinical
manifestations [11]. Medical societies in several countries,
including the USA, support the concept of PNDS/UACS.
The European Respiratory Society (ERS) characterizes
postnasal drip as a symptom rather than a disease, and
supports the premise that most patients with postnasal drip
do not cough. Based on this premise, the ERS believes that
postnasal drip cannot fully explain the cause of a cough,
and does not accept a diagnosis of PNDS/UACS. Instead,
PNDS/UACS is described as “rhinitis/rhinosinusitis” or
“upper airway diseases-caused cough”. While such diseases
account for 6e21% of chronic cough cases in Europe, this
prevalence is lower in the USA [6,10e12].
The Japanese Respiratory Society guidelines for man-
agement of cough indicate that UACS/PNDS is not a com-
mon etiology of chronic cough [13], and instead suggest
sinobronchial syndrome (SBS) and atopic cough (AC) as the
most common causes of chronic cough in Japan. SBS is
characterized by a chronic cough caused by chronic rhino-
sinusitis, and its symptoms are effectively treated with 14-
or 15-member ring macrolides and expectorants. AC is a
disorder induced by atopic diseases, and its diagnostic
criteria include one or more of the following findings, which
suggest an atopic predisposition: (1) current or past history
of an allergic disorder such as rhinitis, and other than
asthma; (2) elevated peripheral blood eosinophils,
increased serum total immunoglobulin E (IgE), positive for a
specific IgE, positive allergen intradermal test, or elevated
eosinophils in induced sputum. In reality, 80% of AC cases
can be diagnosed as nonasthmatic eosinophilic bronchitis,
and many other cases can be diagnosed as UACS according
to the diagnostic criteria. Therefore, there is some overlap
among SBS, AC, and UACS/PNDS, and the exact definition of
each disorder remains to be determined. The relationships
among UACS, AC, and SBS are shown in Fig. 1. Additionally,
the guidelines provided by ACCP and ERS do not offer spe-
cific diagnostic criteria for AC and SBS, and in China, SBS
and rhinitis induced chronic cough are both described as
UACS/PNDS [3].
Pathogenesis
Although the pathogenesis of UACS/PNDS is unclear, there
are several theories, which are described below.Postnasal drip theory
In the past, chronic cough from UACS/PNDS was considered
to result from postnasal drip-inducing mechanico- or che-
mostimulation of the afferent nerves innervating the
pharynx, larynx, or lower airways [2,3]. Cho et al [14] found
that cough sensitivity in some chronic coughers was closely
related with extrathoracic airway responsiveness during
capsaicin provocation. Thus, extrathoracic airway hyper-
responsiveness irritated by postnasal drip might be a
mechanism of cough.
However, postnasal drip and transport of nose and par-
anasal sinus mucous secretions to the pharynx or larynx are
normal physiological processes. Bardin et al [15] placed a
radionuclide in the maxillary sinus of sinusitis patients, and
24 hours later detected its presence in the maxillary sinus,
nasopharynx, esophagus, and lower gastrointestinal tract;
however, its presence was not detected in the pulmonary
aspirate of any patient. The entire experimental process
included the patient’s sleep time, which is theoretically the
most likely period of time for aspiration to occur. This study
showed that, after 24 hours, secretions of the nasal sinus
had barely entered the lower airways. O’Hara and Jones
[16] followed up 108 consecutive rhinitis/rhinosinusitis pa-
tients who displayed symptoms of postnasal drip, and found
that only 21% complained of cough. Among the patients
with a cough, only 8% had postnasal drip and a cough with
no other discernible pathology such as bronchiectasis,
asthma, or sarcoidosis. These data indicate that cough is
uncommon in patients with postnasal drip, and may not be
associated with postnasal drip. Thus, a growing number of
scholars now doubt the postnasal drip theory. Due to this
uncertain causal relationship, starting in 2006, the ACCP
has used the term UACS to replace PNDS [2].
Airway inflammation
Lower airway inflammation theory
Recent studies have shown that lower airway inflammation
is commonly associated with chronic cough. Multiple in-
flammatory mediators, including histamine and prosta-
glandins, can increase the sensibility of cough via
Upper airway cough syndrome 225stimulating local nerve endings in the lower airways [17].
Furthermore, numerous studies have shown that airway
inflammation in patients with nonasthmatic chronic cough,
including patients with UACS, is mainly due to infiltration of
mast cells, neutrophils, and lymphocytes, which is different
from the etiologies associated with cough-variant asthma
and eosinophilic bronchitis [18,19]. Niimi [20] reported that
patients with UACS showed a remodeling of the airways,
characterized by increased sub-basement membrane
thickness, vascularity, vessel size, and signs of goblet cell
hyperplasia. Additionally, the submucosal infiltration of
mast cells in patients with nonasthmatic cough differed
from the infiltration of eosinophils and neutrophils found in
patients with asthmatic chronic cough. Therefore, Niimi
[20] suggested that the airway structural changes or
remodeling phenomena were the results of long-term
airway inflammation. Our previous study showed that
airway inflammation, which might be associated with
activation of mast cells, could be a cause of increased
cough sensitivity, ultimately leading to cough [19]. Ma et al
[21] found increased levels of neurogenic inflammatory
mediators in the supernatant fractions of induced sputum
from UACS patients. They suggested that cough from UACS
might be generated when cough receptors are stimulated
by inflammatory mediators released from lower airways
neurons, which were previously activated by a nervous re-
flex when the nerve endings in the nasal mucosa received
an inflammatory stimulation. Additionally, some studies
have demonstrated that patients with rhinitis have
increased numbers of neurons capable of generating large
amounts of neurogenic inflammatory mediators in their
nasal mucosa [22]. However, further studies are needed to
confirm whether such changes also occur in the lower
airways.
One possible cause of lower airway inflammation is
postnasal drip. Although most of the secretions do not enter
the lower airways, older individuals and patients with ce-
rebrovascular disease often have an impaired local swal-
lowing reflex, and are susceptible to aspiration pneumonia.
Therefore, one cannot exclude the possibility that an early
stage of airway inflammation caused by aspiration might
lead to increased cough sensitivity. A second possible cause
of airway inflammation is mechanical stimulation. Some
scholars believe that cough, as a repeated mechanical/
physical stimulus, can damage airway mucosa and either
cause or aggravate airway inflammation. This mechanical/
physical stimulation might induce the airway epithelium to
release multiple growth factors such as transforming
growth factor b2, epidermal growth factor [23], and nerve
growth factor, all of which are correlated with the upre-
gulation of transient receptor potential vanilloid 1 (TRPV1)
expression and increased cough sensitivity. Hara et al [24]
developed a model of induced airway collapse similar to
that involved in cough by applying a rapid negative pres-
sure, and found that such mechanical stimulation produced
an increased number of neutrophils in the airway and also
increased cough-reflex sensitivity. Their study directly
proved that cough can cause neutrophil-involved airway
inflammation via mechanical stimulation. Airway inflam-
mation may also exist as a localized manifestation of a
systemic inflammatory response. It is well-known that some
rhinitis patients, and especially those suffering fromallergic rhinitis, have atopic manifestations such as
increased serum IgE levels, positive intracutaneous test
results, and eosinophilia in blood and sputum, which are
associated with genetic factors [25]. In these patients,
airway inflammation might exist as a local manifestation of
a systemic inflammatory response. However, whether the
inflammation is a cause or an effect of the chronic cough
should be elucidated in future studies [20].
Upper airway inflammation
Some otolaryngologists have proposed that UACS is not only
associated with nasal diseases, but might also be influenced
by a chronic inflammation in the pharynx or larynx, such as
inflammations resulting from allergic pharyngitis and
chronic tonsillitis [3,19]. Such inflammations may result
from long-term contact with nasal or sinus secretions.
Currently, only few clinical data have suggested that
chronic tonsil hypertrophy in adults and children may be
associated with cough that could be relieved or terminated
following tonsillectomy [26]. Additional clinical studies are
required to confirm the relationship between chronic cough
and other diseases of the pharynx or larynx [2].Sensory neural hypersensitivity theory
Activated nasal nerves and increased cough sensitivity
Pecova et al [27] reported increased cough sensitivity in
allergic rhinitis patients without cough compared to sensi-
tivity in healthy controls, and this difference was especially
prominent during the pollen allergy season. Individuals with
increased cough sensitivity are more easily impacted by
internal and external environmental tussive stimuli or show
an increased intensity of an existing cough. Thus, increased
cough sensitivity as seen in allergic rhinitis patients may be
one of the mechanisms that causes cough in UACS patients
[27]. Histamine is an important inflammatory mediator, and
directly stimulates sensory neurons. Capsaicin activates
local nerves via combing with TRPV1 in nerve endings [28].
Although nasal inhalation of histamine or capsaicin does not
produce cough in healthy controls or allergic rhinitis pa-
tients, it can increase cough sensitivity. Studies have shown
that following stimulation of nasal sensory nerves with
histamine or capsaicin, cough can be evoked by the oral
inhalation of a certain concentration of aerosolized
capsaicin [29]. The number of coughs increased 60e100% in
a nasal stimulated group compared with a healthy control
group, and similar results were obtained when studying
healthy individuals, allergic rhinitis patients, or a guinea
pig model. Moreover, the degree of inflammation found in
the nasal mucosa was positively correlated with the pres-
ence of rhinitis-induced cough [28,30]. These studies veri-
fied that stimulation of nasal nerves might be the cause of
elevated cough sensitivity.
The mechanism of nasal neural activation-elicited
increased cough sensitivity is not clear. After accepting
an external stimulus, the nasal mucosa produces a variety
of inflammatory factors such as histamine. These factors
stimulate nasal sensory nerves and also the nasociliary
nerve of the trigeminal nerve, which conducts signals to the
nucleus of the spinal trigeminal tract. The central area,
which accepts the projection of the vagus nerve, is the
226 L. Yu et al.nucleus tractus solitaries (NTS). To determine whether
there was cross-over between these two pathways, Plev-
kova´ et al [31] used capsaicin to stimulate the nasal mucosa
of guinea pigs, and, when compared with control animals,
found increased expression of C-fos in both the brainstem
NTS and trigeminal nerve. C-fos is expressed when acti-
vated neurons generate action potentials, indicating that
neurons in two different locations are both activated [30].
It is speculated that in upper airway diseases, different
central parts interact to influence the generation of cough
through stimulation of nasal nerves [31,32]. Therefore, it is
hypothesized that environmental stimuli elicit inflamma-
tion of the nasal mucosa, resulting in signals being trans-
mitted to the nucleus of the spinal trigeminal tract, and
partially to the NTS through the local trigeminal nerve. The
NTS might also be activated by a discharge of neurons in the
nucleus of the spinal trigeminal tract, which in turn, will
signal the vagus nerve in the lower airways mucosa to
generate neurogenic inflammation, resulting in increased
cough sensitivity.
Most studies have focused on patients with allergic
rhinitis, and there are few studies on patients with rhino-
sinusitis. Japanese guidelines for diagnosing various types
of cough state that SBS patients have normal cough sensi-
tivity and elevated levels of neutrophils in the secretions of
their nose and lower airways [13]; however, these conclu-
sions are not supported by data from clinical studies. Most
studies on cough sensitivity have used the methods estab-
lished by Fujimura et al [33]. In that procedure, capsaicin
solution is used to detect the response of TRPV1 on C fibers,
and this solution does not react with cough receptor Ad fi-
bers found in airways, which are mainly sensitive to me-
chanical stimuli. Further studies are needed to ascertain
whether the higher sensitivity of Ad fibers in SBS patients
leads to cough, or whether the higher secretion levels in
the airways of these patients prevent the capsaicin solution
from combining with TRPV1 on C fibers.
Increased neural sensitivity in the pharynx or larynx
A constant postnasal drip can stimulate long-term chronic
inflammation in the pharynx or larynx, resulting in localized
inflammatory manifestations such as red and swollen mu-
cosa; however, it is not clear if postnasal drip causes
increased local sensitivity. Our recent study showed that
cough sensitivity was decreased in UACS patients, rhinitis/
rhinosinusitis patients without cough, and healthy controls
following local anesthesia of nerve endings in the pharynx
and larynx by lidocaine [34]. While there were no differ-
ences in the extent of the decreases, UACS patients still
showed higher cough sensitivity than the other two groups
following local anesthesia. Our data suggest that although
cough receptors in the larynx were probably involved in the
heightened cough sensitivity shown by UACS patients, local
sensitivity was not significantly higher than in the other two
groups, and was not the main cause of cough. Instead,
stimulation of lower respiratory cough receptors to an
excited state may have been the main cause for the
increased cough sensitivity in UACS patients.
In the 1990s, Bucca et al [35] proposed the concept of
larynx hyper-responsiveness (LHR), in which a human pro-
tective reflexelaryngeal chemical reflex can prevent a
liquid substance from entering the lower airways. Inhealthy adults, this reflex can produce a cough that may be
diagnosed as LHR, also designated as irritable larynx by
Bucca et al [35]. In this condition, a > 25% decrease in the
maximal midinspiratory flow rate after inhalation of hista-
mine is considered positive. Bucca et al’s [36] recent study
showed a 76% prevalence of LHR among UACS patients,
which was higher than the prevalence among noncough
patients, such as those with asthma. Bucca et al [36]
believed that these patients had increased sensitivity in
the pharynx and larynx, which made it easier to generate a
cough after providing a stimulus.
Cough hypersensitivity syndrome
Morice [37] recently proposed the concept of cough hy-
persensitivity syndrome (CHS), and suggested that the
majority of patients with chronic cough can be incorpo-
rated into this syndrome. Patients with CHS usually present
with one of three different phenotypes: (1) patients with a
predominant phenotype of rhinal symptoms (such as UACS);
(2) patients with a Th2-cell dominant phenotype (cough-
variant asthma or nonasthmatic eosinophilic bronchitis);
and (3) patients with a predominant phenotype character-
ized by acid reflux and heartburn (gastroesophageal reflux
cough). The CHS concept also conforms with the notion of
sensory hyper-reactivity (SHR), defined as a state of
increased sensory neural reactivity in patients with chronic
cough, and first suggested by Millqvist [38], who proposed
that increased cough sensitivity was a manifestation of
SHR, and stated that patients with chronic cough appeared
to have “airway hyperalgesia”. Additionally, the increased
sensory nerve sensitivity allowed even a minimal stimula-
tion to cause a cough, which was included in the category
of a sensory neuropathy [39]. It has been demonstrated
that the pathological change associated with both SHR and
cough hypersensitivity is the upregulation of TRPV1
expression in sensory nerves, and that TRPV1 antagonists
are effective for improving the symptoms of SHR and
decreasing cough sensitivity [40,41]. The cough demon-
strated by UACS patients is due to hypersensitivity of the
upper airways sensory nerve or lower airways sensory
nerve, or a combination of both. Further studies are
needed to clarify this mechanism.
Treatments
The principal method for treating UACS is similar in
different countries, and usually involves administration of
antihistamines [2,3,5,6,13]. There are very few differences
among the official guidelines for treating UACS in different
countries (Table 1).
Conclusion and expectations
In conclusion, UACS/PNDS is a clinical syndrome with a
variety of causes, and proper treatment is associated with
certain difficulties. The current treatments are limited, and
some patients have problems of repeated relapse. Howev-
er, an effective treatment may be found when the patho-
genesis of the syndrome is further clarified. Recent studies
have shown that higher than normal expression of specific
sodium channels might be associated with the increased
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Upper airway cough syndrome 227cough sensitivity shown by UACS/PNDS patients. Further
research should focus on whether cough sensitivity can be
adjusted by controlling the expression of those specific
sodium channels (1.7, 1.8, and 1.9), and whether such
changes might improve symptoms in chronic cough patients
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